Liver regulates cholesterol homeostasis and eliminates excess cholesterol as bile acids or biliary cholesterol. Free cholesterol for bile acid synthesis or biliary secretion is obtained by the hydrolysis of stored cholesterol esters or from cholesterol esters taken up by liver from high density lipoproteins via selective uptake pathway. The present study was undertaken to characterize the enzyme catalyzing this reaction, namely, cholesterol ester hydrolase (CEH) from human liver and demonstrate its role in regulating bile acid synthesis. Two cDNAs were isolated from human liver that differed only in the presence of an additional Alanine at position 18 in one of the clones.
Introduction
In mammalian systems, liver plays a central role in the synthesis, redistribution and regulation of whole body cholesterol as well as the regulation of plasma lipoprotein concentrations. Cholesterol balance in the liver is maintained by three major processes: 1) input pathways (cholesterol synthesis and lipoprotein uptake), 2) output pathways (formation of bile acids and biliary secretion of cholesterol as well as secretion of VLDL) and 3) reversible conversion of cholesterol to cholesteryl esters. Hepatic free cholesterol (FC) concentration is maintained at low physiological levels to prevent cytotoxicity and is therefore tightly regulated. Excess FC is esterified with long-chain fatty acids by the action of acyl-CoA:cholesterol acyltransferase-2 (ACAT2), which is an integral membrane protein present mainly in the rough endoplasmic reticulum and is the major enzyme for cholesterol esterification in human liver (20) . Cholesteryl esters (CE) thus formed either constitute part of the neutral lipid core of VLDL (15, 26) or are accumulated as cytoplasmic lipid droplets. The cytoplasmic CE droplets are in a dynamic state, undergoing a constant cycle of hydrolysis and re-esterification (16) where esterification of FC is catalyzed by ACAT2 and the hydrolysis of CE is thought to occur in the cytoplasm by a neutral cholesteryl ester hydrolase (CEH) (2) . For biliary cholesterol secretion as well as bile acid synthesis, FC is released from the intracellular stores of CE by CEH-mediated hydrolysis.
Conversion of cholesterol to bile acid or direct secretion into the bile are the only two recognized mechanisms for cholesterol elimination from the body. In humans, hepatic conversion of cholesterol to bile acids accounts for approximately 50% of cholesterol elimination, while the remaining 50% takes place almost entirely via biliary cholesterol secretion (23). Because only a small portion (5-20%) of biliary cholesterol is derived from de novo synthesis (6, 25) , the bulk must be supplied by the hepatic uptake of lipoproteins. High-density lipoprotein (HDL) is the main lipoprotein that transports the cholesterol from the peripheral tissue, including artery wall associated macrophages, to the liver by the process named reverse cholesterol transport. The clinical importance of this process is underscored by observed strong inverse correlation between HDL cholesterol and risk for cardiovascular disease. HDL CEs are delivered to the hepatocytes by a selective uptake mechanism via scavenger receptor BI (SRBI) (1, 24, 28) . To gain access to the intracellular cholesterol pool, HDL-CE must be hydrolyzed within the hepatocytes and this hydrolysis is thought to occur in non-lysosomal compartment presumably by a neutral cholesterol ester hydrolase (21, 27). Hepatic CEH is therefore, required not only to release FC from the intracellular stores of CE (generated by ACAT2 mediated esterification) but also to hydrolyze CE delivered via selective uptake and represents the key enzyme required for releasing the pool of metabolically active FC from intracellular stores of CE, providing substrate for bile acid synthesis and for biliary secretion of cholesterol. Despite the importance of CEH in regulating the availability of FC in liver, the identity of this enzyme in human liver remains obscure.
This study was undertaken to clone and characterize human liver CEH. Using the strategy of homology cloning, we obtained two cDNA clones from human liver that code for an active CEH. This CEH is expressed in human hepatocytes and its overexpression results in increase in bile acid synthesis suggesting a role for this enzyme in hepatic cholesterol homeostasis. ATGTGGCTCCGTGCCTTTATCCTGGCC-3' and the reverse primer sequence was 5'-CAGAGGCCATGAAGGAGCAAG-3'. Amplification reactions were carried out for 30 cycles with denaturation at 95°C for 30 s, annealing at 50°C for 30 s and extension at 72°C for 2 min. The extension was increased to 10 min for the final cycle. PCR products were analyzed on 1 % agarose gel. The 1870-bp PCR product was cloned into eukaryotic TA cloning vector pcDNA3.1/V5/His-TOPO (Invitrogen). Plasmid DNA was prepared from several colonies and analyzed for the presence of insert by BstX1 digestion. Six recombinant plasmids containing the 1870-bp PCR product, were sequenced in both directions by ABI automated DNA sequencing system. Transient transfection of COS-7 cells: COS-7 cells were plated in 6-well tissue culture dishes (6X10 5 cells/well) and were transfected with recombinant plasmid DNA (Clone 1 and Clone 2) containing CEH cDNA in the correct orientation using Effectene (Qiagen) as described earlier (10) . Controls were simultaneously transfected with empty pcDNA3.1/V5/His-TOPO vector (pCMV). After 48 h of incubation, the cells were harvested in homogenizing buffer containing protease inhibitors (8) . The cell suspension was sonicated using Heat Systems Ultrasonic Processor and the cell lysates assayed for CEH activity as described earlier (7) . The substrate, cholesteryl [1- Western Blot analysis: An aliquot containing 5-20 µg total protein was separated on 4-20% SDS-PAGE gel and proteins transferred to PVDF membrane. After a brief wash in TBS (Tris-buffered Saline) and blocking in 5% non-fat dry milk, the blots were incubated with human macrophage CEH antibody (10) appropriately diluted in 5% non-fat dry milk overnight at 4°C. Following 3-5 washes in TBS, the blots were subsequently incubated with secondary antibody (goal anti rabbit IgG-HRP conjugate) appropriately diluted in 5% non-fat dry milk for 1h at room temperature. After 3-5 washes in TBS, the blots were developed using Lightning Chemiluminescence Reagent Plus and exposed to Xray film.
Measurement of Bile Acid synthesis: Primary human hepatocytes were purchased from an NIH approved facility (Liver Tissue Procurement Distribution System, Univ. of Minnesota). Cells were plated in 6-well tissue culture plates and maintained in William's E Medium supplemented with insulin (0.25units/ml) and penicillin (100units/ml) in a 5% CO 2 atmosphere at 37°C. Culture medium also contained 0.1 µM dexamethasone and Effect of CEH over-expression on bile acid synthesis: CEH hydrolyses hepatic CE that are either produced by esterification of FC by ACAT2 or taken up by hepatocytes via selective uptake from HDL to release FC for bile acid synthesis. We examined the effects of CEH over-expression in human hepatocytes on bile acid synthesis.
Differences in the bile acid synthesis were determined by monitoring the conversion of Table 1 . Single amino acids have profound effects on the catalytic properties and substrate specificities of enzymes although the mechanism of these effects remains to be elucidated. It remains to be seen whether the above mentioned substitutions are essential for conferring the ability to hydrolyze cholesteryl esters since CE was not one of the substrates tested by Kroetz et al who only described hydrolysis of aromatic and aliphatic esters by human liver carboxyleserase. High degree of sequence homology also exists between human macrophage CEH (11) and human liver CEH; the two proteins differed only in 5 amino acid residues (Table 1 ). This harvested and cell lysates assayed for CEH activity as described under "Methods".
CEH specific activity is expressed as nmoles of oleate released per hour per mg protein.
Three protein concentrations were used to ensure the linear range of protein concentration and mean specific activity was calculated. Data are means±SD for three independent experiments. * indicates p<0.05. 
